Abstract. BACKGROUND: Despite medical progress worldwide, dental caries are still widespread. Miswak is derived from the plant Arak (Salvadora persica). It is used by Muslim peoples as a natural product for the cleansing of teeth, to ensure oral and dental hygiene. OBJECTIVE: This study was conducted to evaluate the antimicrobial effects of ethanol, methanol, and ethanol/methanol extracts of Miswak against three bacterial pathogens of the oral cavity. METHODS: The pathogens were isolated from the oral cavity of volunteers/patients and were identified on the basis of 16S rRNA gene amplification data. Sequence comparisons were made with 16S rRNA gene sequences available in the GenBank database.
Introduction
Tooth caries are one of the most widespread, chronic problems in public health worldwide. This oral disease, affects 60-90% of school children [1] . Miswak is derived from the plant Arak (Salvadora persica) which belongs to the Salvadoraceae family, and is an Arabic word meaning tooth-cleaning stick. The spread of Islamic culture played a role in the spread of cultivation and the use of Miswaks for tooth-cleaning, in different parts of the world [2] . The Miswak chewing stick is mentioned in Ahadith (TALKS) by the prophet Mohamed "Peace be upon him"; it is used by the majority of Muslims worldwide [3] . As Miswak wicks are flexible, strong and do not damage the gums, they can be made into the appropriate shape to clear plaque and remove food from between teeth [4] . Miswak ( Fig. 1 ) is mainly obtained from slim branches of Arak and to a lesser degree from the woody roots of the tree [5] . Recently, it has been reported by some researchers that extracts of Miswak posses various pharmaceutical properties against microorganisms, including bacteria [6, 7] , and fungi [6, 8, 9] .
The World Health Organization (WHO), which is a specialized agency of the United Nations (UN) that is concerned with international public health, recommended the use of Miswak for cleansing teeth in 1986 and in 2000. There was a report concerning the international consensus on oral hygiene which recommended that further research was needed to assess the effect of Miswak [4] .
These factors make research into the effects of Miswak an area of great interest. Therefore, our study was aimed toward the evaluation of the antimicrobial effects of ethanol, methanol, and ethanol/methanol extracts of S. persica Miswak against three isolated oral bacterial pathogens. 16S rRNA gene amplification, sequence alignment and phylogenetic analysis were utilized to identify pathogens at the species level.
Materials and method

The isolation of pathogenic bacteria from the oral cavity
Saliva and swabs of plaque were collected from patients with dental caries and stored at 4 • C in the laboratory until to use. Pathogens were isolated on nutrient agar plates and characterized according to the tests of positive and negative gram staining.
PCR amplification of 16S rRNA gene and sequence determination
The Genomic DNA was extracted from the isolated bacteria according to the method previously described by Hesham et al. [10] and the 16S rRNA gene was amplified. Amplification was carried out with universal primers: 27F (5-AGAGTTTGATCCTGGCTCAG-3) and 1492R (5-CGGCTACCTTGTTACGACTT-3) [11] . The PCR reaction was performed in a final volume of 50 µl containing GoTaq green master mix (Promega, Madison, WI, USA), 1 µl of each primer at a concentration of 0.5 mM, and 1 µl template DNA. PCR was performed with the following program: 5 min denaturation at 95 • C, followed by 36 cycles of 1 min denaturation at 94 • C, 1 min annealing at 55 • C, 1.5 min extension at 72˚C and a final extension step of 7 min at 72 • C. Five µl of the amplified mixture was then analyzed using 1.5% 0.5 × TBE agarose gel electrophoresis. The gel was stained with ethidium bromide, visualized under UV light, and photographed. The product of the correct size (1500 bp) was purified and sequenced in both directions using an ABI automated sequencer (Macrogen Company, Korea). 
Sequence alignment and phylogenetic analysis
The 16S rRNA gene sequences of the isolates obtained in this study were aligned and compared with known 16S rRNA gene sequences in the GenBank database. This was done using the BLAST search made available by the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/ BLAST/) to determine the closest available database sequences. To determine the taxonomic position of the isolates, phylogenetic trees were constructed with MEGA version 4.0. This used a neighborjoining algorithm, plus the Jukes-Cantor distance estimation method with bootstrap analyses for 1,000 replicates [12] .
Plant material collection
Stems of S. persica Miswak were purchased from local markets in Abha city, Saudi Arabia. Miswak samples were shade dried and then powdered using a suitable grinder.
Preparation of S. persica Miswak extracts
A fine powder was extracted in different three solvents including ethanol, methanol and ethanol/ methanol (v/v), using a soxhlet extractor as described by Chhabra et al. [13] . Dried extracts were weighed, dissolved in sterile dimethyl sulfoxide (DMSO) and utilized for the antibacterial activity test. 
In vitro antibacterial assay
In vitro antibacterial activities of the Miswak extracts were determined by an agar well diffusion assay according to the procedure described by Ettebong and Nwafor [14] . The experiment was performed in triplicate, two controls were used, streptomycin (30 µg/disc) as positive control and DMSO as negative control. Plates were incubated at 37 • C overnight. The antibacterial activity of each extract was determined by measuring the diameter of the zone of inhibition in millimeters (mm). Analysis of variance (ANOVA) was carried out to detect the significance of differences among the treatment means.
GenBank nucleotide accession numbers
The nucleotide sequences of the 16S rRNA gene of the isolated strains KKU-020, KKU-021 and KKU-022 reported in this study have been deposited in the DDBJ, EMBL, and GenBank nucleotide sequence databases under Accession Numbers: KF862490, KF862491 and KF862492, respectively.
Results
Oral pathogen isolation and staining characterization
The three pathogens isolated were designated as KKU-020, KKU-021 and KKU-022 and were selected and characterized by positive and negative gram staining. The results confirmed that the pathogens KKU-020 and KKU-021 were gram positive whilst KKU-022, was gram negative.
Genetic identification and phylogenetic analysis using 16S rRNA gene sequences
For genetic identification, the total genomic DNA of each pathogen (KKU-020, KKU-021 and KKU-022) was extracted and a pair of universal primers 27F and 1492R were used for 16S rRNA gene amplification and sequencing. The 16S rRNA gene sequences of the isolated pathogens KKU-020, KKU-021 and KKU-022 were aligned and compared with the 16S rRNA gene sequences published in the GenBank database by a BLAST search. Results showed that the sequences of the isolated pathogens KKU-020, KKU-021 and KKU-022 were highly similar (100% similarity) to Staphylococcus aureus, Enterococcus faecalis, and Klebsiella pneumonia, respectively. To assert the taxonomic location of each strain in phylogeny, a number of sequences representative of some Staphylococcus, Enterococcus and Klebsiella species were selected from the GenBank database for phylogenetic tree construction. Results in Fig. 2 showed that isolated KKU-020 and S. aureus occupied one cluster. Therefore, the KKU-020 was identified as S. aureus. However, the results displayed in Fig. 3 revealed that the isolate KKU-021 and E. faecalis were in the same clade cluster. Therefore, the isolate KKU-021 was identified as E. faecalis. The third pathogen KKU-022 was confirmed as K. pneumoniae whereas KKU-022 and K. pneumoniae were found in one cluster (Fig. 4) . 
The antibacterial activity of Miswak extracts
The antimicrobial effects of ethanol, methanol and ethanol/methanol extracts of S. persica Miswak against three isolated oral pathogens, (KKU-020 and KKU-021 gram positive and KKU-022 gram negative), are displayed below. Results in Table 1 showed that all the extracts were active against all tested oral pathogens with an inhibition zone which ranged between 10.33 ± 0.88 mm to 40.67 ± 0.88 mm. The highest activity was noted against E. faecalis KKU-021 followed by S. aureus KKU-020 and then K. pneumoniae KKU-022. The maximum zone of inhibition (40.67 ± 0.88 mm) was achieved against E. faecalis KKU-021 by the ethanolic extract. The methanolic extract showed the minimum zone of inhibition (10.33 ± 0.88 mm) against K. pneumonia KKU-022 (Table 1) . S846 
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Discussion
This study aimed to evaluate different extracts of Miswak against oral pathogenic bacteria. Pathogens were isolated from saliva and carie lesion samples, collected from patients with dental caries. Molecular methods based upon 16S rRNA gene sequences and phylogenetic analysis were used to identify isolated pathogens at the species level. Molecular results confirmed that the pathogen KKU-020 was S. aureus ( Fig. 2) , KKU-021 was E. faecalis ( Fig. 3) and KKU-022 was K. pneumoniae (Fig. 4) . Molecular genetic identification techniques based upon the sequence analysis of the 16S rRNA gene have become the golden index and are powerful tools for bacterial identification [12, 15, 16] . Nowadays, 16S rRNA gene amplification by PCR and sequencing using automated sequencer provides a valuable and reliable way for the identification of pathogenic bacteria [17] .
Maintaining a healthy mouth and dental hygiene leads to a better quality of life. Many human diseases can arise due to lack of oral hygiene and tooth caries. The vast majority of Muslims worldwide use Miswak chewing stick for the purposes of cleaning teeth. Oral health is a sunnah (PRACTICES OF THE PROPHET) from Mohamed the Prophet of Allah "Peace be upon him" where he "Peace be upon him" recommended it be used before every prayer. The Hadith, TALK, mentioned the importance of using Miswak. The prophet Mohamed "peace be upon him" said: 'Was it not for my fear of imposing a difficulty on my Ummah, (A NATION) I would have ordered that the Miswak be used for every Salaat (PRAYER) (Al-Bukhari)'.
Recently, it has been reported that Miswak prevents many diseases of the oral cavity, gastro-intestinal tract and heart [18] . Therefore, the WHO recommended the use of Miswak for the cleansing of teeth and that further research was needed into the effect of Miswak [4] .
Considering this new knowledge, concerning the activity of ethanol, methanol, and ethanol/methanol (v/v) extracts of S. persica Miswak, tested for their inhibitory effects on the growth of isolated oral bacterial pathogens (S. aureus KKU-020, E. faecalis KKU-021 and K. pneumoniae KKU-022). Results showed that all the extracts were active against the oral pathogens. The highest effective activity was noted against E. faecalis KKU-021 followed by S. aureus KKU-020, whilst the lowest activity was observed against K. pneumonia KKU-022. Sofrata et al. [19] reported S. persica Miswak had acute effects against oral microorganisms. In addition, in an investigation which used extracts of S. persica against microorganisms, Almas et al. [20] found that E. faecalis was the most sensitive pathogen. This study also reported that there was no significant difference in the effects of fresh and old cuttings of Miswak.
The results in Table 1 showed that maximum zone of inhibition (40.67 ± 0.88 mm) against E. faecalis KKU-021 was gained by the ethanolic extract. The methanolic extract showed a minimum zone of inhibition (10.33 ± 0.88 mm) against K. pneumonia KKU-022 indicating ethanolic extract more effective than methanolic extract. A comparative study investigated the effect of ethanolic and aqueous extracts of S. persica Miswak against oral pathogens; found that the ethanolic extract had strong antimicrobial activity than aqueous extract [21] . Another study showed that the aqueous extract was more effective than the methanolic extract against isolated oral microorganisms [4] .
Our results confirmed the beneficial effect of S. persica Miswak on oral health that may due to the presence of important compounds, which have anticariogenic effect. Benzylisothiocyanate, salvadorine and fluoride were found to prevent cariogenic and inhibit the growth of bacteria [22] [23] [24] . Tannins were found to reduce gingivitis [25, 26] , vitamin C help in tissue healing [23] , and silica and chloride removing stains and helpful in tooth whitening [6, 27] . The essential oils in S. persica Miswak that has bitter taste stimulate the flow of saliva, which promote enamel remineralization [26, 28] .
When the beneficial effect of S. persica Miswak was compared with synthetic toothbrushes, Miswak was found to be more effective than the synthetic one for oral hygiene and treat gum inflammation [25, [29] [30] [31] .
Conclusion
In conclusion, our study was aimed toward the evaluation of the antimicrobial effects of S. persica Miswak extracts against three isolated oral bacterial pathogens. 16S rRNA gene amplification, sequence alignment and phylogenetic analysis were utilized to identify pathogens at the species level. the present study confirms that Miswak has a significant antimicrobial effect upon oral pathogens including both Gram-positive and Gram-negative microbes. Based on this scientific knowledge Miswak can be recommended as an excellent oral and dental hygiene agent, to prevent tooth caries.
